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Abstract: In this contribution, we introduce geographic concepts in the humanities and present the results of a space - 
time visualization of ancient buildings over the last centuries. The techniques and approaches used were based on 
cartographic research to visualize spatio-temporal information. As a case study, we applied cartographic styling tech- 
niques to a model of the Royal Castle in Warsaw and its different spatial elements, which were constructed and de- 
stroyed during their eventful history. In our case, the space -time cube approach seems to be the most suitable repre- 
sentation of this spatio-temporal information. Therefore, we digitized the different footprints of the castle during the 
ancient centuries as well as the landscape structure around, and annotated them with monarchies, epochs and time. 
During the digitization process, we had to cope with difficulties like sources in various scales and map projections, 
which resulted in varying accuracies. The results were stored in KML to support a wide variety of visualization plat- 
forms. 
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1. Introduction 

The proposal of reintroducing geographic concepts of space into the humanities started the phenomenon described 
as a “spatial turn” in digital humanities (Soja 1989, Schlogel 2003). These approaches led to the development of GIS- 
based applications in various fields of humanities research, such as history, economy and sociology (Bodenhamer et 
al. 2010, Gregory et al. 2014). At the same time geographers have raised concerns about the limitations of geo-spatial 
technologies in complexities of the human organization in space and time (Janelle 2001). After years of interdiscipli- 
nary research, creating efficient exploration tools for spatiotemporal datasets and presenting them in cognitively sup- 
portive visualizations still remains a major challenge for researchers in the humanities (Bruggmann and Fabrikant 
2016). 

This study investigates to what degree spatial digital humanities can benefit from open-source movements to create, 
interactively visualize and explore spatiotemporal datasets. 

The idea of a space-time cube was developed by Hagerstrand (1970) and originates from humanities research fo- 
cused on social interactions and human movements in space and time (Kveladze et al. 2013). Within the space-time 
cube, the two-dimensional geographical space is represented by the base of the cube (Gatalsky et al. 2010), while time 
is considered as the third, vertical dimension (cube’s height). 

Cultural heritage research has adapted the ideas of the space-time cube as one of the methods of challenging and 
enhancing the previous knowledge. Kraak and Koussoulakou (2004) considered the space-time cube as a possible 
exploration tool for deriving the spatiotemporal characteristics of archaeological sites. Furthermore, the use of the 
space-time cube in humanities research is not limited to geodata visualizations. Windhager and Mayr (2012) have 
extended the idea of the space-time cube within their conceptual framework into a ‘Cultural Heritage Cube’ for visual 
exhibition exploration. 
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2. Study Area, Data Sources and Methods 

As a case study the Royal Castle in Warsaw, a UNESCO World Heritage Site since 1980, was chosen, due to its 
eventful history. The residence consists of different spatial elements, e.g., the castle itself, the Kubicki Arcades, two 
gardens and a Tin-Roofed Palace (Fig.l). Initially used as dukes and kings headquarter, today the residence serves as 
the national museum. During the last 600 years the castle underwent huge changes. Large scale expansions in the 
cause of the 16 th and 17 th century, significant destructions in the 17 th and 19 th century and the complete destruction 
during the World War II (Fig.2). 

To visualize the eventful history of the castle the space-time cube visualization is used within Google Earth, allow- 
ing the tracking of the changes of historical objects in time to examine the periods of expansion, destruction, rebuilding 
and renovation. This required the simultaneous view of both space and time. 



Fig. 1 . Location of the research area with the ortophotomap background acquired in 201 1 - boundaries marked with the white dashed line. 
(Background map source: Office of Surveying and Cadastre, Warsaw: www.mapa.um.warszawa.pl) 
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Fig. 2. Ruins of the Royal Castle in 1945. (Source: National Digital Archives, www.nac.gov.pl) 


The creation of meaningful spatiotemporal visualization for humanities specialists involves not only cartographic 
design approaches but also data processing and management. Previous research on space-time cubes has focused 
mainly on point and polyline features to visualize states or paths within a certain timeframe (Gatalsky et al. 2010, 
Kveladze et al. 2013). A major issue of creating spatiotemporal visualizations for geo-historical data is to cope with 
detailed scale analyses of polygon features that have been chosen for representing the buildings at different epochs. 
Fundamental elements of the landscape structure were examined from the period between ca. 1350 - 2015 with the 
use of graphical schemas, historical maps, photoplans, and ortophotomaps. 

These graphical schemas, historical maps, photoplans, and ortophotomaps were obtained from the Department of 
Archeological Researches, Royal Castle in Warsaw, the National Library of Poland 1 and the Office of Surveying and 
Cadastre 2 in digitized raster formats. Therefore, clipping raster data to the area of interest as well as georeferencing 
was necessary. 

Meanings of symbols and cartographic representation of the historical maps covering the area of Warsaw have 
been partly described by Gromski (1997) and Bartoszewicz (2003, 2008). Based on this information, the following 
landuse classes were distinguished: buildings, small architecture objects (e.g., defense walls, monuments), water bod- 
ies (rivers, streams), greenery and city squares. For each historical map, corresponding features were manually digit- 
ized and described with additional metadata. 

KML, a XML notation for storing and visualizing geographic data and associated content was chosen for this study. 
With KML, a well-recognized exchange format, a variety of viewers for multiple platforms are available, such as 
Google Earth. 


3 Results 

Obtained results demonstrate the universal use of the space-time cube for the dynamic visualization of historical data. 
Features representing the landscape elements are represented vertically on the Z-axis. The earliest historical objects 
are placed at the top of the cube, while the latest ones are closer to the cube’s bottom (ground level). Fig. 4 shows the 
first stage of the data exploration through the time slider and pop-up windows. Users can change their view perspective 


1 www.polona.pl 

2 www.mapa.um.warszawa.pl 
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by zooming, panning and rotating the cube and pointing the certain date on the time slider. To enhance the under- 
standing of historical landscape, buildings are symbolized according to the century they originate from (Fig. 5). For 
the buildings mentioned on the oldest and most uncertain historical sources, special links are created to point their 
approximate location on the current map. This allows the identification of expansion, destruction, rebuilding and ren- 
ovation phases of the castle residence as well as tracking the spatial dimensions of those changes through time (Fig. 6). 
The space-time cube reveals events influencing both anthropogenic and natural landscape elements as shifting the 
Vistula river shores between the 14 th and 18 th century. The features were additionally described by time labels indi- 
cating the duration of centuries. 



Tour Guide 


Curia Maior 


The great mansion was a rectangular brick 
building with a huge escarpment in the 
south-east corner. High roof was decorated 
at the top with elements typical for Gothic 
buildings 


Fig. 4. Dataset exploration through the time slider and description in a pop-up window. 




Fig. 5. The overview of the study area in 1800 as a compilation of different historical objects. 
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Fig. 6. Landscape structure in 1300, 1805 and 1945. 


4. Conclusions 

In this paper, we presented the development of an application to visualize the different spatial elements of the Royal 
Castle in Warsaw over the last centuries. The space-time cube approach was the most suitable and advanced visuali- 
zation approach, particularly to give researchers and the interested public new ways to explore the geo-historical data. 
By choosing widely adopted geospatial standards like KML, we achieved the possibility of sharing the results with a 
variety of platforms for visualizations such as web browsers, offline viewers and potentially virtual reality environ- 
ments. 
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